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FIG. 4B 
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FIG. 7 



Patent Application Publication Feb. 15, 2007 Sheet 8 0f 9 US 2007/0035580 A1 

FIG. 8 
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LIQUID DISCHARGE HEAD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a liquid discharge 
head for discharging liquid, and particularly to an ink jet 
recording head for recording by discharging ink onto a 
medium to be recorded. 

[0003] 2. Description of the Related Art 

[0004] As an example of using a liquid discharge head for 
discharging liquid, there is an ink jet recording system for 
recording by discharging ink to a medium to be recorded. 

[0005] Today, there are the folloWing general ink dis 
charge methods for use in the ink jet recording system: a 
method of using an electrothermal transducing element such 
as, for example, a heater as a discharge energy generating 
element for use in discharging ink droplets and a method of 
using, for example, a pieZoelectric element. Both methods 
are capable of controlling the discharge of ink droplets by 
using electric signals. 

[0006] The principle of the ink discharge method using the 
electrothermal transducing element is that a voltage is 
applied to the electrothermal transducing element to thereby 
bring the ink in the vicinity of the electrothermal transducing 
element to boil momentarily and bubbles rapidly groW 
oWing to a phase change of the ink during the boiling to 
thereby discharge the ink droplets at a high speed. The ink 
discharge method using the electrothermal transducing ele 
ment is advantageous in that there is no need to secure a 
large space for disposing the discharge energy generating 
element, the structure of the recording head is simple, and 
noZZles can be easily integrated. 

[0007] In recent years, a desire for increasing the printing 
speed of color images is increasing more and more due to the 
speedup of processing speed of a personal computer and the 
spread of the Internet and digital cameras, Which increases 
the demand for rapidly printing out a high-resolution docu 
ment. Therefore, an ink jet head mounted on an ink jet 
printer is required to have a performance of discharging ?ner 
droplets and of providing a noZZle arrangement density of 
300 dpi or more. 

[0008] On the other hand, along With the decrease in siZe 
of droplets and the increase in recording density, the need for 
correcting a discharge state or the landing position of 
discharged droplets has been increased to thereby generate 
the need for adjusting a discharge angle into a noZZle 
arrangement direction. As a method of adjusting the dis 
charge angle into a discharge port arrangement direction, 
there is a method of discharging droplets from a noZZle, 
Which is oblique to a face surface of the discharge port, onto 
a substrate surface, as disclosed in Japanese Patent Laid 
Open No. H02-l98857. Furthermore, Japanese Patent Laid 
Open No. H0l-ll8443 discloses a method of adjusting a 
discharge angle by offsetting a discharge port With respect to 
a heater. 

[0009] When there is a need to obtain an image having a 
high recording density as in recent years, hoWever, it is often 
hard to form a noZZle capable of discharging liquid at a 
desired discharge angle in the method disclosed in Japanese 
Patent Laid-Open No. H02-l98857. 
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[0010] On the other hand, in the technique disclosed in 
Japanese Patent Laid-Open No. H0l-ll8443, the angle is 
adjusted in the supply port direction When vieWed from the 
discharge port, Which is perpendicular to the discharge port 
arrangement direction. If the angle is to be corrected into the 
discharge port arrangement direction using this method, 
there is a need to offset the discharge port into the discharge 
port arrangement direction With respect to the heater. In vieW 
of the information disclosed in Japanese Patent Laid-Open 
No. H0l-ll8443, hoWever, the problem beloW Will occur. 
The effect on the discharge angle caused by offsetting the 
discharge port With respect to the heater decreases as the 
discharge aperture is reduced. Therefore, a very large offset 
amount is required in comparison With the conventional one 
to achieve a desired discharge angle When using a discharge 
port having a ?ne aperture as needed in recent years. 
Therefore, it is very hard to design a noZZle having such an 
offset amount under the condition of the 300 dpi or higher 
noZZle arrangement density. Furthermore, if the noZZle is 
designed so as to have the required offset by decreasing the 
noZZle arrangement density, it causes a problem that dis 
charge e?iciency drops because of an increase in the dis 
tance from a heater to a How path Wall in the offset direction. 

[0011] As described hereinabove, conventionally there has 
not been a satisfactory method of adjusting a discharge angle 
of discharged droplets into a discharge port arrangement 
direction Without decreasing the discharge ef?ciency in an 
ink jet head having a high noZZle arrangement density With 
a discharge port having a ?ne aperture. 

SUMMARY OF THE INVENTION 

[0012] In vieW of the above problems, the present inven 
tion has been provided. Therefore it is an object of the 
present invention to adjust a discharge angle of discharged 
droplets into a discharge port arrangement direction Without 
decreasing discharge ef?ciency in an ink jet head having a 
high noZZle arrangement density With a discharge port 
having a ?ne aperture. 

[0013] According to one aspect of the present invention, 
there is provided a liquid discharge head for discharging 
liquid onto a medium from noZZles While relatively scanning 
the medium in an opposing position to the medium, the 
liquid discharge head comprising: a substrate having a 
plurality of energy generating elements for generating heat 
energy for use in discharging the liquid; the plurality of 
noZZles provided correspondingly to the plurality of energy 
generating elements; and a plurality of How paths for 
supplying the liquid correspondingly to the plurality of 
noZZles, Wherein each of the noZZles includes a chamber 
provided With the energy generating element and a discharge 
portion in communication With the How path only via the 
chamber, Wherein the discharge portions of at least a part of 
the plurality of noZZles include: a ?rst discharge portion 
having a discharge port for discharging the liquid; and a 
second discharge portion for communicating the chamber 
With the ?rst discharge portion, Wherein a contour of the 
second discharge portion includes a contour of the ?rst 
discharge portion When vieWed in the direction from the 
discharge port to the substrate and is included in a contour 
of the chamber; and Wherein one space differs from the other 
space in volume in a space of the second discharge portion, 
Which is divided by a plane that passes through the center of 
the discharge port and is parallel to the relative scanning 
direction to the medium and perpendicular to the substrate. 
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[0014] Further features of the present invention Will 
become apparent from the following description of exem 
plary embodiments With reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a perspective diagram shoWing the con 
?guration of an ink jet recording head according to the 
present invention. 

[0016] FIG. 2 is a diagram shoWing an example ofan ink 
jet recording apparatus on Which the ink jet recording head 
according to the present invention can be mounted. 

[0017] FIGS. 3A, 3B, 3C, and 3D are explanatory dia 
grams for a noZZle structure of the ink jet recording head 
according to the present invention. 

[0018] FIGS. 4A, 4B, 4C, 4D and 4E are schematic cross 
sections shoWing behaviors of ink and bubbles in time series 
during ink discharging in the ink jet recording head accord 
ing to the present invention. 

[0019] FIG. 5 is a diagram shoWing a noZZle arrangement 
according to a ?rst embodiment of the present invention. 

[0020] FIGS. 6A, 6B, and 6C are diagrams shoWing an 
example of an ink discharge state and solid images during 
solid printing using a conventional ink jet recording head. 

[0021] FIG. 7 is a diagram shoWing a noZZle arrangement 
according to a second embodiment of the present invention. 

[0022] FIG. 8 is a diagram shoWing a noZZle arrangement 
according to a third embodiment of the present invention. 

[0023] FIG. 9 is a schematic cross section shoWing a 
noZZle structure according to the embodiments of the present 
invention. 

[0024] FIG. 10 is a schematic cross section shoWing a 
noZZle structure according to a comparative example of the 
present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0025] The preferred embodiments of the present inven 
tion Will be described hereinafter With reference to accom 
panying draWings. In the folloWing description, the same 
reference numerals refer to parts having the same function 
throughout the various ?gures With their description omitted 
in some cases. 

[0026] While this speci?cation describes the present 
invention by giving an example of an ink jet recording 
system as an application of the present invention, the scope 
of application of the present invention is not limited thereto. 
For example, it is also applicable to biochip fabrication, 
electronic circuit printing, and the like. 

[0027] The folloWing describes an ink jet recording head 
to Which the present invention is applicable, ?rst. 

[0028] Referring to FIG. 1, there is shoWn a schematic 
diagram illustrating an ink jet recording head according to 
one embodiment of the present invention, Which is shoWn 
With a part of the recording head cut aWay. 

[0029] The ink jet recording head of this embodiment has 
a silicon substrate 2 Where ink discharge energy generating 
elements 1 are formed in tWo arrays at a given pitch. The 
silicon substrate 2 has an ink supply port 3 formed by 
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anisotropically etching the silicon substrate opened betWeen 
the tWo arrays of the ink discharge energy generating 
elements 1. On the substrate 2, an ink ?oW path Wall forming 
member 4 forms ink discharge ports 5, Which open above the 
ink discharge energy generating elements 1, and separate ink 
?oW paths 6 in communication With the ink discharge ports 
5 from the ink supply port 3. 

[0030] This ink jet recording head is positioned in such a 
Way that the surface having the ink discharge ports 5 faces 
the recording surface of a recording medium. Then, a 
discharge pressure generated by the ink discharge energy 
generating elements 1 is applied to ink loaded into the ink 
?oW paths via the ink supply port 3 to thereby discharge ink 
droplets from the ink discharge ports 5 so as to cause the ink 
droplets to attach the recording medium for recording. 

[0031] This ink jet recording head can be mounted on a 
printer, a copying machine, a facsimile, a Word processor, 
any other apparatus having a printer section, and an indus 
trial recording apparatus compositely combined With vari 
ous processors. 

[0032] Referring to FIG. 2, there is shoWn an explanatory 
diagram illustrating an example of a recording apparatus on 
Which the ink jet recording head according to the present 
invention can be mounted. 

[0033] In the recording apparatus shoWn in FIG. 2, a 
cartridge 700 having the recording head shoWn in FIG. 1 is 
positioned and exchangeably mounted on a carriage 102. 
The carriage 102 is provided With electric lines or cable for 
transmitting drive signals or the like to the discharge por 
tions via an external signal input terminal on the recording 
head cartridge 700. 

[0034] The carriage 102 is reciprocatably guided and 
supported along guide shafts 103 extending in the main 
scanning direction and placed on the apparatus body. The 
carriage 102 is driven by a main scanning motor 104 via a 
drive mechanism including a motor pulley 105, a driven 
pulley 106, and a timing belt 107 and its position and 
movement is controlled by the main scanning motor 104. In 
addition, a home position sensor 130 is provided on the 
carriage 102. Thereby, it is possible to knoW the position 
When the home position sensor 130 on the carriage 102 
passes the position of a shield 138. 

[0035] A recording medium 108 such as printing paper or 
a plastic sheet is separated and fed on a one-by-one basis 
from an automatic sheet feeder (ASF) 132 by rotating 
pickup rollers 131 via a gear from a paper feed motor 135. 
Furthermore, it is conveyed (sub-scanned) passing through 
the position (printing section) opposed to the discharge port 
surface of the recording head cartridge 700 by the rotation 
of a conveyance roller 109. The conveyance roller 109 is 
rotated via the gear by the rotation of an LF motor 134. In 
this process, the determination of Whether the recording 
medium 108 has been fed and the con?rmation of the 
leading edge position at the paper feed are performed When 
the recording medium 108 passes a paper end sensor 133. 
Furthermore, the paper end sensor 133 is also used to 
determine Where the rear end of the recording medium 108 
exists actually and to ultimately determine the current 
recording position from the actual rear end. 

[0036] The recording medium 108 is supported by a platen 
(not shoWn) on the back side so that a ?at printed surface is 
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formed in the printing section. In this instance, the recording 
head cartridge 700 mounted on the carriage 102 is held in 
such a Way that the discharge port surface is protruding 
downwardly from the carriage 102 so as to be parallel to the 
recording medium 108 betWeen tWo pairs of the conveyance 
rollers. 

[0037] The recording head cartridge 700 is mounted on the 
carriage 102 in such a Way that the arrangement direction of 
the discharge port in each discharge portion is perpendicular 
to the above scanning direction of the carriage 102 and 
discharges liquid from the discharge array for recording. 

[0038] The above recording head is used for a recording 
apparatus of a type in Which a carriage having a recording 
head mounted thereon scans for printing. The ink jet record 
ing head according to the present invention is also applicable 
to a so-called full-line type ink jet recording head With a 
noZZle array having a length corresponding to the maximum 
recording Width of the recording medium. 

[0039] Subsequently, an internal structure of the ink jet 
recording head according to the embodiment of the present 
invention Will be described With reference to FIG. 3. 

[0040] Referring to FIG. 3A, there is shoWn a plan per 
spective vieW, vieWed in the vertical direction from one of 
the plurality of discharge ports 5 toWard the substrate 2, in 
the ink jet recording head according to the embodiment of 
the present invention shoWn in FIG. 1. FIG. 3B is a cross 
section along line IIIB-IIIB passing through the center of the 
discharge port in FIG. 3A. The IIIB-IIIB direction is the 
same as the main scanning direction in the recording appa 
ratus shoWn in FIG. 2. Furthermore, FIG. 3C is a cross 
section along line IIIC-IIIC passing through the center of the 
discharge port in FIG. 3A. The IIIC-IIIC direction can be 
referred to as a discharge port arrangement direction in the 
ink jet recording head shoWn in FIG. 1, Which is synony 
mous With a noZZle arrangement direction described later, 
and can be referred to as a sub-scanning direction in the 

recording apparatus shoWn in FIG. 2. Furthermore, FIG. 3D 
is a 3D perspective vieW of the inside of a discharge portion 
8 described later. 

[0041] As shoWn in FIGS. 3B and 3C, the ink jet recording 
head of the present invention is provided With a noZZle 6 for 
discharging ink, a supply port 3 for supplying ink to the 
noZZle 6, and an ink ?oW path 7 for communicating the 
supply port 3 With the noZZle 6. The noZZle 6 is composed 
of the discharge portion 8 including a discharge port 5, 
Which is an ori?ce formed to a tip end of the noZZle, through 
Which ink droplets are discharged, and a chamber 9 Where 
the ink discharge energy generating element 1 is provided. 
The discharge portion 8 is not directly in communication 
With the ink ?oW path 7, but in communication With the ink 
?oW path 7 only via the chamber 9. The discharge portion 8 
is divided into a ?rst discharge portion 10 including the 
discharge port 5 and a second discharge portion 11 in 
communication betWeen the ?rst discharge portion 10 and 
the chamber 9. More speci?cally, the inside of the noZZle 
includes the ?rst discharge portion 10, the second discharge 
portion 11, and the energy generating chamber 9 in this order 
in the direction from the discharge port 5 to the energy 
generating element. The second discharge portion 11 is 
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connected to each of the ?rst discharge portion 10 and the 
chamber 9 With a step, having a volume smaller than the 
chamber 9 and larger than the ?rst discharge portion 10. In 
the plan perspective vieW in FIG. 3A, the second discharge 
portion 11 is provided outside the ?rst discharge portion 10 
and inside the chamber 9. Furthermore, as shoWn in FIGS. 
3A and 3C, the ?rst discharge portion 10 is a cylindrical 
space having a, central axis 14 on a vertical line starting 
from the center of the discharge port 5 to the main surface 
of the substrate 2 and the center of the ink discharge energy 
generating element 1 exists on the above vertical line. 
Although the second discharge portion 11 is also a cylin 
drical space, its central axis 15 is offset in the sub-scanning 
direction from the central axis 14 of the ?rst discharge 
portion 10. If the second discharge portion 11 is divided With 
the boundary of a plane (imaginary plane) 17, Which is 
parallel to the central axis 14 of the ?rst discharge portion 10 
and to the main scanning direction, the second discharge 
portion 11 is divided into a space Vl large in volume on the 
offset side and a space V2 small in volume on the other side 
due to the offset of the second discharge portion 11 (FIG. 
3D). 

[0042] The folloWing describes the behaviors of ink inside 
the noZZle during ink discharging With the ink jet recording 
head according to the present invention With reference to 
FIGS. 4A-4E. 

[0043] The description Will be made by giving an example 
of a so-called thermal ink jet system, in Which a heat 
generating resistant element is used as the ink discharge 
energy generating element 1 to bring the ink to boil by the 
heat generated by the heat generating resistant element and 
the ink is discharged by the groWth pressure of generated 
bubbles. 

[0044] Referring to FIGS. 4A-4E, there is shoWn a sche 
matic diagram illustrating the behaviors of a bubble 13 and 
ink 12 in time series during ink discharging With the ink jet 
recording head of the present invention, vieWed from the 
cross section along the line IIIC-IIIC in FIG. 3. 

[0045] FIG. 4A shoWs a state before the discharge opera 
tion and FIG. 4B shoWs a state Where the bubble 13 in the 
form of a ?lm is generated on the ink discharge energy 
generating element 1. FIG. 4C, FIG. 4D, and FIG. 4E shoW 
the states approx. 0.5 microseconds after the state of FIG. 
4B, approx. 1.0 microsecond after the state of FIG. 4B, and 
approx. 1.5 microseconds after the state of FIG. 4B, respec 
tively. While reference numeral 14 in these diagrams 
denotes the central axis of the ?rst discharge portion 10, the 
reference numeral 14 is hereinafter referred to as the central 
line 14 in the description using FIGS. 4A-4E. 

[0046] As shoWn in FIG. 4B and FIG. 4C, the bubble 13 
is generated in the form of a ?lm and then groWs toWard the 
discharge port 5. In this process, the groWth of the bubble 13 
inside the chamber 9 is symmetrical to the central line 14 
When vieWed in the sub-scanning direction. The ink 12 
moves toWard the discharge port 5 and begins to How 
symmetrically due to the groWth pressure of the bubble 13. 

[0047] As shoWn in FIG. 4D, along With the groWth of the 
bubble 13, the ink 12 is discharged from the discharge port 
5 to the outside of the noZZle. In this condition, the second 
discharge portion 11 has the central axis 15 offset in the 
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sub-scanning direction from the central line 14. Therefore, 
both sides of the second discharge portion 11 from the plane 
described above differ in volume from each other. Therefore, 
the in?oW of the ink 12 ?owing from the second discharge 
portion 11 into the ?rst discharge portion 10 differs betWeen 
both sides of the plane 17. The in?oW from the space Vl on 
the offset side from the central line is relatively large and the 
in?oW from the space V2 on the other side is relatively small. 
The difference in in?oW is consequently a difference in How 
velocity of ink ?oWing into the ?rst discharge portion 10. In 
the ink 12 discharged from the discharge port 5 in the state 
shoWn in FIG. 4E, ink 12a existing on the offset side from 
the central line 14 ?oWs fast in the direction along the central 
line, While ink 12b existing on the opposite side to the offset 
side ?oWs sloW in the same direction. In addition, the same 
applies to the ink in a direction perpendicular to the central 
line. More speci?cally, the ink 12a ?oWs faster than 12b in 
the component of velocity in the direction from each of the 
spaces to the central line. The ink 12 is more strongly 
affected by the ink 12a to thereby have momentum in the 
opposite direction to the offset direction in the sub-scanning 
direction. Therefore, the ink 12 is discharged in the direction 
of an arroW 70 angled in the opposite direction to the offset 
direction relative to the central line 14. As a result, the 
landing position of the ink 12 in the sub-scanning direction 
shifts from that under the condition Where the central axis of 
the ?rst discharge portion 10 is coincident With the central 
axis of the second discharge portion 11. 

[0048] Even if an asymmetrical bias occurs in the How of 
the ink 12 that is to move toWard the discharge port 5 in the 
?rst discharge portion 10, hoWever, the ink discharged from 
the vicinity of the discharge port 5 is never discharged at an 
angle to the central line 14 during discharging unless it has 
momentum in the sub-scanning direction. Therefore, to shift 
the landing position of the ink in the sub-scanning direction, 
it is necessary to maintain the nonuniformity of the ink How 
in the sub-scanning direction, Which occurs at the bottom of 
the ?rst discharge portion 10, until it reaches the discharge 
port 5. Generally, if the ?rst discharge portion 10 is rela 
tively high, the nonuniform ink ?oW at the bottom of the ?rst 
discharge portion 10 is recti?ed until it reaches the discharge 
port 5, by Which the nonuniformity is lost. 

[0049] The inventor et al. have found that the nonunifor 
mity is maintained so that a remarkable effect is achieved by 
de?ning “(discharge aperture 4))/ (the height h of the ?rst 
discharge portion 10); l” as shoWn in Table l as a result of 
consideration. The content Will be described beloW by using 
diagrams. 

[0050] Referring to FIG. 9 and FIG. 10, there are shoWn 
a schematic cross section of a noZZle structure according to 

embodiments of the present invention and a schematic cross 
section of a noZZle structure according to a comparative 
example of the present invention. Table 1 shows effects of 
the discharge aperture 4) and the heights h, hl, and h2 of the 
discharge portion, the ?rst discharge portion, and the second 
discharge portion on the shift of the landing position of 
liquid droplets in the noZZles of ?rst to third embodiments of 
the present invention and in the noZZle of a comparative 
example 4. 
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TABLE 1 

Comparative 
Embodiments example 

Nozzle No. (l) (2) (3) (4) 

h hl 3 pm 5 pm 5 pm 5 pm 
h2 5 pm 3 pm 3 pm 

4) 6 pm 6 mm 8 pm 8 mm 
r 3 pm 3 pm 3 pm 

Shift amount* Large Small Large Minimum 

*Shift amount of landing position at distance of 1 mm from recording 
medium 
Large: 8 pm or more 
Middle: 3 pm to 8 pm 
Small: 1 pm to 3 pm 
Minimum: 1 pm or less 

[0051] In the noZZles described in the ?rst to third embodi 
ments, the height h of the discharge portion 8 is 8 um. On 
the other hand, the noZZle of the comparative example 4 has 
no second discharge portion in the discharge portion 8. As 
shoWn in FIG. 9, the offset amount r betWeen the central axis 
14 of the ?rst discharge portion, namely the center of the ink 
discharge energy generating element 1 and the central axis 
15 of the second discharge portion 11 is 3 pm in the noZZles 
described in the ?rst to third embodiments. On the other 
hand, as shoWn in FIG. 10, a vertical line 16 from the center 
of the discharge port to the substrate is offset from a central 
axis 17 of the ink discharge energy generating element 1 
With the 3 um offset in the noZZle of the comparative 
example 4. By comparing the noZZle of the ?rst embodiment 
With the noZZle of the second embodiment, it is understood 
that the shift amount becomes smaller if the height of the 
?rst discharge portion 10 increases. By comparing the 
noZZle of the second embodiment With the noZZle of the third 
embodiment, it is understood that the shift amount becomes 
large as the discharge aperture increases under the condition 
that the height of the ?rst discharge portion 10 is constant. 
On the other hand, the shift amount of the noZZle in the 
comparative example 4 is minimum, by Which it is under 
stood that the shift of the landing position is remarkably 
affected by the offset of the second discharge portion 11. 

[0052] The preferred embodiments of the present inven 
tion Will be described hereinafter for more detailed descrip 
tion of the present invention. 

First Embodiment 

[0053] The ?rst embodiment of the present invention Will 
be described With reference to FIG. 5. 

[0054] Referring to FIG. 5, there is shoWn the noZZle 
arrangement of an ink jet recording head in the ?rst embodi 
ment of the present invention. 

[0055] The arrangement of this embodiment is preferably 
applicable to the ink jet recording head in Which the ink 
supply port is divided Within the noZZle arrangement. 

[0056] Along With the increase of noZZles for achieving a 
high picture quality and a high processing speed required for 
the ink jet recording head in recent years, the length of the 
supply port in the noZZle arrangement direction increases. 
This causes a possibility of decreasing the strength of the 
entire substrate, and therefore it is conceivable to divide the 
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supply port in the arrangement. It is impossible, however, to 
dispose a nozzle between supply ports adjacent to each 
other, Which may lead to a problem in an image. 

[0057] In the arrangement of this embodiment, the noZZles 
6 exist only on one side of each ink supply port 3 and a 
noZZle array 26 consisting of 32 noZZles 6 exists in each ink 
supply port 3. The noZZles 6 are arranged at intervals of 1 
(=38.3) um and the end noZZles of ink supply ports 3 
adjacent to each other are spaced from each other by><(=128) 
pm. 

[0058] The center of the second discharge portion 11 is 
offset from the center of the ?rst discharge portion 10 by an 
integral multiple of d0 (=0.075 pm) in the direction from the 
center of the noZZle array 26 toWard its ends (in the 
sub-scanning direction) (if there are an odd number of 
noZZles in each ink supply port, the offset amount betWeen 
the discharge port 5 and the second discharge portion 11 is 
Zero only in the noZZle existing at the center of the noZZle 
array), so that the offset amount increases toWard the ends of 
the ink supply port 3. 

[0059] Note here that the discharge port 5 of each of the 
arranged noZZles 6 has a diameter of 11 um and the second 
discharge portion 11 has a diameter of 20 pm in this 
embodiment. The ?rst discharge portion 10 has a height of 
3 um and the second discharge portion 11 has a height of 5 
pm in all noZZles. 

[0060] The center of the ?rst discharge portion 10 is 
shifted 2.5 pm from the center of the second discharge 
portion 11 regarding the noZZles 6 at both ends of the ink 
supply port under the above conditions. If the face surface 
of the discharge port 5 is 1.0 mm apart from paper as a 
recording medium in the above condition, a liquid droplet 
discharged from the end discharge port lands in a position 
shifted from the center of the discharge port by approx. 42 
pm in the outWard direction. Therefore, the liquid droplets 
can be discharged in the area betWeen the supply ports at 
substantially the same landing intervals as in the noZZle 
array area. 

[0061] As a result, it becomes possible to achieve an ink 
jet recording head having substantially the same perfor 
mance as in the case Where the noZZles 6 are arranged at 
intervals of 600 dpi When vieWed in the main scanning 
direction. With an application of the present invention, the 
same effect as in the ink jet recording head having noZZles 
betWeen adjacent ink supply ports can be achieved also in an 
ink jet recording head having a plurality of ink supply ports 
3 Within the noZZle arrangement. 

Second Embodiment 

[0062] The second embodiment of the present invention 
Will be described beloW With reference to FIGS. 6A to 6C 
and FIG. 7. 

[0063] This embodiment is suitable for means for correct 
ing so-called end misalignment in Which a droplet dis 
charged from the noZZle located in the vicinity of the end of 
the noZZle array heads for the center of the noZZle array, 
thereby changing the trajectory of the liquid droplet due to 
an effect of an air ?oW generated by discharged droplets. 

[0064] First, the end misalignment Will be described 
beloW. If ink droplets are discharged continuously from all 
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discharge ports of the ink jet recording head to perform 
so-called solid printing on a recording medium, a streak 201 
may occur in some cases, for example, in painted areas of a 
bar graph as shoWn in FIG. 6A, namely in the image of solid 
printed areas 200. The streak 201 just corresponds to the 
boundary betWeen the nth operation and the (n+l)th opera 
tion. 

[0065] FIG. 6B shoWs the enlarged boundary portion and 
FIG. 6C shoWs the state Where ink droplets 202 are dis 
charged from the head 203. If the image data is for solid 
printing, all of the noZZles from SEG 0 to SEG 255 are 
driven at a high response frequency. The black arroW in FIG. 
6C indicates the direction in Which ink droplets are dis 
charged during the drive operation. Therefore, the air having 
a certain viscosity around the discharged ink droplets also 
moves along With the motion of the ink droplets. This 
increases the tendency of the reduced pres sure in the vicinity 
of the discharge port surface Where the discharge ports of the 
ink jet recording head open, relative to the surrounding of 
the print head. Thereby, the surrounding air ?oWs into the 
reduced pressure area in the form of an air ?oW as indicated 
by an outline arroW. Due to the effect of the air ?oW, 
particularly the ink droplets 204 discharged from the dis 
charge ports at both ends of the discharge port arrangement 
are draWn toWard the center of the arrangement. In other 
Words, the ink droplets 204 are ejected inWard and are not 
discharged in the desired positions of the recording medium. 
This causes the problem that the landing position is shifted 
to thereby generate the streak 201 as shoWn in FIG. 6B in 
some cases. 

[0066] The ink jet recording head in this embodiment aims 
to reduce the e?fect of the end misalignment by correcting 
the landing position by discharging the ink droplets at a 
discharge angle in the direction of outWard ejection opposite 
to the direction of the inWard ejection described above. 

[0067] Referring to FIG. 7, there is shoWn the noZZle 
arrangement of the ink jet recording head according to the 
second embodiment of the present invention. In the noZZle 
arrangement of the ink jet recording head according to this 
embodiment, noZZle arrays are disposed on both opposite 
sides of a supply port and each noZZle array includes a ?rst 
noZZle array 50 and a second noZZle array 51. The ?rst 
noZZle array 50 includes ?rst noZZles 25a disposed at 
intervals of 600 dpi (42.3 pm). The second noZZle array 51 
includes second noZZles 25a‘ disposed at the same intervals 
(42.3 pm), with the center of each second discharge portion 
11 of the noZZles 25a‘ offset from the center of the ?rst 
discharge portion 10 in the sub-scanning direction. The 
entire noZZle array is formed of the ?rst noZZle array 50 
disposed betWeen tWo second noZZle arrays 51. 

[0068] More speci?cally, in the noZZle arrangement shoW 
in FIG. 7, up to ten noZZles counted in the direction of the 
center of the noZZle array from end noZZles 25b of each 
noZZle array disposed on both ends of the supply port are 
arranged as the second noZZle arrays 51 in Which the offset 
interval betWeen the center of the ?rst discharge portion 10 
and the center of the second discharge portion 11 is set to an 
integral multiple of d0 (=0.1 um). The offset direction is 
along the noZZle array (the sub-scanning direction) and is the 
direction toWard the ends of the noZZle array When vieWed 
from the center of the noZZle. Furthermore, the offset amount 
increases toWard the ends of the noZZle array. 
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[0069] Note here that the discharge port 5 has a diameter 
of 11 um and the second discharge portion 11 has a diameter 
of 20 pm in this embodiment. The ?rst discharge portion 10 
has a height of 3 pm and the second discharge portion 11 has 
a height of 5 um. More speci?cally, the center of the ?rst 
discharge portion 10 is shifted 1 um from the center of the 
second discharge portion 11 regarding the end nozzles at 
both ends of the noZZle array. If the face surface of the 
discharge port is 1.0 mm apart from paper in this condition, 
a liquid droplet discharged from the end noZZle lands in a 
position further shifted by approx. 10 pm in the outWard 
direction in comparison With the case Where the center of the 
second discharge portion 11 is coincident With the center of 
the ?rst discharge portion 10. 

[0070] As described above, it is possible to correct the end 
misalignment of liquid droplets that occurs during solid 
printing and to bring the liquid droplets to land in a desired 
position by previously ejecting the droplets outWardly by 
means of the ink jet recording head having the con?guration 
of this embodiment. 

[0071] In this embodiment, the offset varies With each 
noZZle and the offset increases toWard the ends of the noZZle 
array. Even if the offset of each noZZle is constant, hoWever, 
the effect of correcting the end misalignment can be 
achieved only if the second discharge portion is offset in the 
noZZles disposed at both ends of the noZZle array and in the 
vicinity thereof Where the end misalignment occurs. 

Third Embodiment 

[0072] The third embodiment of the present invention Will 
be described beloW With reference to FIG. 8. 

[0073] Referring to FIG. 8, there is shoWn a noZZle 
arrangement of the ink jet recording head according to the 
third embodiment of the present invention. This embodi 
ment is preferably applicable to a case of recording at the 
different landing intervals from the noZZle arrangement 
intervals in the ink jet recording head. 

[0074] In the noZZle arrangement shoWn in FIG. 8, 128 
noZZles are arranged at regular intervals in one noZZle array 
36. Each second discharge portion 11 is offset by an integral 
multiple of d0 from the center of each ?rst discharge portion 
10 in the direction from the center of the noZZle array 36 
toWard its ends. The offset direction is from the ends of the 
noZZle array 36 toWard the center thereof. With this noZZle 
arrangement, it becomes possible to discharge ink at a 
discharge angle even if it is hard to reduce the noZZle pitch 
due to the circuit limits and thus to reduce the landing pitch 
independently of the noZZle pitch. 

[0075] The above description has been made by using the 
embodiments in Which the center of the ink discharge energy 
generating element 1 exists on the central axis 14 of the ?rst 
discharge portion 10. The center of the ink discharge energy 
generating element 1, hoWever, does not alWays need be on 
the central axis 14 of the ?rst discharge portion 10. As shoWn 
in FIG. 3D, if the second discharge portion 11 is divided 
With the plane 17 as a boundary and the divided spaces differ 
in volume from each other, the desired effect can be 
achieved even if the center of the ink discharge energy 
generating element 1 does not exist on the central axis 14 of 
the ?rst discharge portion 10. 

[0076] While the present invention has been described 
With reference to exemplary embodiments it is to be under 

Feb. 15, 2007 

stood that the invention is not limited to the disclosed 
exemplary embodiments. The scope of the folloWing claims 
is to be accorded the broadest interpretation so as to encom 
pass all such modi?cations and equivalent structures and 
functions. 

[0077] This application claims the bene?t of Japanese 
Patent Application No. 2005-230843, ?led Aug. 9, 2005, 
Which is hereby incorporated by reference herein in its 
entirety. 

What is claimed is: 
1. A liquid discharge head for discharging liquid onto a 

medium from noZZles While relatively scanning the medium 
in an opposing position to the medium, the liquid discharge 
head comprising: 

a substrate having a plurality of energy generating ele 
ments for generating heat energy for use in discharging 
the liquid; 

the plurality of noZZles provided correspondingly to the 
plurality of energy generating elements; and 

a plurality of How paths for supplying the liquid corre 
spondingly to the plurality of noZZles, 

Wherein each of the noZZles includes a chamber provided 
With the energy generating element and a discharge 
portion in communication With the How path only via 
the chamber, 

Wherein the discharge portions of at least a part of the 
plurality of noZZles include: 

a ?rst discharge portion having a discharge port for 
discharging the liquid; and 

a second discharge portion for communicating the cham 
ber With the ?rst discharge portion, 

Wherein a contour of the second discharge portion 
includes a contour of the ?rst discharge portion When 
vieWed in the direction from the discharge port to the 
substrate and is included in a contour of the chamber; 
and 

Wherein one space differs from the other space in volume 
in a space of the second discharge portion, Which is 
divided by a plane that passes through the center of the 
discharge port and is parallel to the relative scanning 
direction to the medium and perpendicular to the sub 
strate. 

2. A liquid discharge head according to claim 1, Wherein 
a How velocity of the liquid ?oWing into the ?rst discharge 
portion from a larger volume space of the tWo spaces 
different in volume divided by the plane in the second 
discharge portion is higher than a How velocity of the liquid 
?oWing into the ?rst discharge portion from a smaller 
volume space in a phase When a bubble generated in the 
liquid by the heat energy groWs. 

3. A liquid discharge head comprising: 

a substrate having a plurality of energy generating ele 
ments for generating energy for use in discharging 
liquid; 

a plurality of noZZles provided in an array on the substrate 
correspondingly to the plurality of energy generating 
elements; and 
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a plurality of How paths for supplying the liquid corre 
spondingly to the plurality of nozzles, 

Wherein each of the nozzles includes: 

a chamber provided With the energy generating element; 
and 

a discharge portion in communication With the How path 
only via the chamber, 

Wherein the discharge portions of at least a part of the 
plurality of nozzles each include: 

a ?rst discharge portion having a discharge port for 
discharging the liquid; and 

a second discharge portion for communicating the cham 
ber With the ?rst discharge portion, 

Wherein a contour of the second discharge portion 
includes a contour of the ?rst discharge portion When 
vieWed in the direction from the discharge port to the 
substrate and is included in a contour of the chamber; 
and 

Wherein the center of the ?rst discharge portion is coin 
cident With the center of the chamber and the second 
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discharge portion is o?‘set relative to the chamber in the 
direction along the arrangement direction of the plu 
rality of nozzles. 

4. A liquid discharge head according to claim 1, Wherein 
(p/hil is satis?ed Where 4) is a diameter of the discharge port 
and h is a height of the ?rst discharge portion. 

5. A liquid discharge head according to claim 1, further 
comprising a plurality of supply ports for supplying the How 
paths With the liquid, Wherein the plurality of How paths are 
in communication With one of the plurality of supply ports. 

6. A liquid discharge head according to claim 3, Wherein 
a nozzle Whose second discharge portion is o?‘set is provided 
at each end of a nozzle array formed of the plurality of 
nozzles. 

7. A liquid discharge head according to claim 3, Wherein 
the plurality of nozzles Whose second discharge portion is 
o?‘set are disposed in such a Way as to be adjacent to each 
other and the o?cset of the second discharge portion is the 
same among the plurality of nozzles. 

8. A liquid discharge head according to claim 3, Wherein 
all of the plurality of nozzles have the second discharge 
portion that is o?‘set and the o?‘set amount of the second 
discharge portion varies gradually in a direction from the 
central nozzle of the nozzle array toWard the end nozzle. 

* * * * * 


